After a brief review of the protein folding quantum theory and a short discussion on its experimental evidences the mechanism of glucose transport across membrane is studied from the point of quantum conformational transition. The structural variations among four kinds of conformations of the human glucose transporter GLUT1（ligand free occluded, outward open, ligand bound occluded, and inward open）are looked as the quantum transition. The comparative studies between mechanisms of uniporter (GLUT1) and symporter (XylE and GlcP) are given. The transitional rates are calculated from the fundamental theory. The monosaccharide transport kinetics is proposed. The steady state of the transporter is found and its stability is studied. The glucose (xylose) translocation rates in two directions and in different steps are compared. The mean transport time in a cycle is calculated and based on it the comparison of the transport times between GLUT1,GlcP and XylE can be drawn. The non-Arrhenius temperature dependence of the transition rate and the mean transport time is predicted. It is suggested that the direct measurement of temperature dependence is a useful tool for deeply understanding the transmembrane transport mechanism.
Recently, the crystal structures of several bacterial and human monosaccharide transporters were reported [1] [2] [3] [4] . Through sequential and structural comparison with other members of the sugar porter subfamily, the basic transport mechanism of the human glucose GLUT1 is clarified [4] . It was proposed that the successive conformational changes of the transporter occur in the glucose transport process and form a complete cycle, from ligand free occluded conformation (A), changed to outward open (B), ligand bound occluded (C), and inward open (D), then to the ligand free occluded of the next cycle. The conformation A is connected to the intracellular side and the conformation C to the extracellular side. The above picture provides a basis for understanding the general transport dynamics for sugar porter subfamily. However, more detailed and quantitative analysis is necessary. Since the glucose transport is essentially a process associated with a series of conformational changes of the porter protein we shall discuss the problem by using the quantum theory of protein conformation transition which was developed in recent years by the author [5] [6] [7] .
Quantum transition between conformational states

Conformational change as torsion transition
Considering that the torsion vibration energy 0.03-0.003 ev is the lowest in all forms of biological energies, even lower than the average thermal energy per atom at room temperature and easily changed at physiological temperature, we can look upon the torsion as the slow variable of the macromolecule. Following Haken's synergetics, the slow variables always slave the fast ones of a complex system. By taking a general form of the torsion Hamiltonian H 1 and the fast variable Hamiltonian H 2 and by the adiabatically elimination of fast variables we obtained a Hamiltonian describing the conformational transition of the macromolecule and deduced a general formula for the conformational transition rate [5] . The rate formula Eq (1) has been successfully applied to the protein folding [5] [6] [7] . It explained the curious non-Arrhenius temperature-dependencies of the folding rate for all proteins whose experimental data were reported. It also explained the specific statistical distribution of the folding rates for all measured two-state proteins. The correlation between theoretical prediction with experimental folding rate attained 73%-78% [8] . The multi-state protein folding can also be regarded as quantum conformational transitions similar to two-state proteins but with an intermediate delay [9] . Therefore, it is reasonable to assume the above equations (1) (2) can be used for membrane protein and provide a basis for studying the transport dynamics of glucose across the membrane.
Applicability of quantum theory in macromolecule
About the applicability of quantum theory in macromolecule a fundamental problem is how to estimate the decoherence effect for the system. If the decoherence effect is strong enough then the quantum picture would cease to be effective for a macromolecule. The decoherence effect is estimated by computing the decoherence time of the system under thermal environment. The rigorous solution of decoherence time is difficult but some simple models were proposed. One such model introduced by Zurek in ref. [10] [11] showed the decoherence time
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R τ − for an atom (carbon), much shorter than the electronic decoherence time. However, from the idea of quantum correlation relativity the coherence in different degrees of freedom of a macromolecule can exhibit differently [12] . While the center-of-mass degrees of freedom are influenced by the environment the other degrees of freedom (subsystems) can still maintain their quantum nature. ) are same in three cases then the decoherence effect on molecular torsion is in the midst of the electron and the atom. In fact, because of the thermal average over torsional vibration states used in theoretical calculation the thermal excitation effect of the scalar field (representing the environmental perturbation) has been partly taken into account. The surplus interaction of the scalar field interaction with torsion subsystem should be weaker and the torsional relaxation rate decreases. Thus, even if the quantum coherence for the macromolecule as a single particle may have been destroyed the coherence in the torsional degree of freedom still works. About the applicability of quantum theory in macromolecule we should notice that the quantum coherence in cytoskeletal microtubules and its importance for neuron activity and brain function have been widely discussed by many authors [13] [14] [15] [16] . On the other hand we indicate that the multi-torsion correlation has observed in the two-state protein folding which give further supports on the existence of the torsional quantum coherence in macromolecule [5] .
More direct experimental evidences on the quantum nature of protein folding can be found as follows. Set the folding rate 1/τ for a two-state protein. In classical theory, the torsion-angle variations ti ϕ ∆ ， ti ψ ∆ and ti χ ∆ at time t<τ should be condensed to a value near 0, since in the duration shorter than the average folding time τ the conformational change of the two-state protein has not occurred. But in quantum theory, though t<τ , the time duration from 0 to t is enough for finding a torsional jump since the quantum transition always occurs instantaneously. In fact, the quantum jump occurs stochastically at any instant within the folding timeτ. Qiu et al [17] used laser temperature-jump spectroscopy to measure the unfolding rate of 20-residue Trp-cage protein.
In their experiment the resulting T-jump of 5-20 o C occurs within 20-30 ns and the thermal unfolding enhance the Trp emission. They discovered the Fluorenscence Intensity（FI） increases rapidly from 11.5mV to 14 mv in a time duration of 4μs，and therefore determined the unfolding rate 4μs. However, if the unfolding of the two-state Trp-cage protein obeys classical law the fluorenscence should emit only after the unfolding has been closed up. So the fluorenscence enhance would be observed with a time delay of 4μs after the initial drop owing to the intrinsic T dependence of Trp emission. But no such delay was observed in Qiu's experiment. Rather, the unfolding event occurred stochastically in the time duration of 4μs. Therefore, one may conclude that the observed FI -t relation is in accordance with the quantum explanation on the unfolding of the Trp-cage protein. It is expected that the further observation of instantaneous dihedral transition in the timescale of microseconds will be able to give more evidences on the quantum nature of protein folding.
Kinetic model for transporter
Equations for sugar transport across membrane
The human glucose transporter GLUT1 works in the following cycle In writing Eq (4) ''' xyzzyxC +++++= (7) similar to Eq (5).
While GLUT1 is a uniporter that catalyses the translocation of glucose down its concentration gradient across the membrane the bacterial transporter GlcP or XylE is a proton symporter that exploits the transmembrane proton gradient to drive the "uphill" translocation of substrate against its concentration gradient. The above 6-state model for transporter GlcP can be used for xylose transport of XylE as well. However, considering that XylE has several distinct features in comparison with other sugar:H + symporters, such as a large number of hydrogen-bond-forming residues (that is related to abundant protonation and deprotonation) distributed on the interface between the transmembrane segments and the intracellular domain [1] we propose an alternative mechanism for the proton symporter XylE. with rate k c and k c ' respectively Finally, the released xylose in g is exploited through the process " r in g → final reservoir chemicals". In the above-mentioned 3-step reaction the first step describes the ligands (xylose and proton) binding where the proton concentration is assumed to be a constant, c p . The second step describes the deprotonation process of the symporter by which the released proton is assumed quickly absorbed to the medium and the reverse of the process does not happen actually. It is assumed that only the deprotonated symporter can undergo the conformation switch from inward to outward and release the substrate. This is described by step 3. The essential point of the model is the assumption of only three statesα, β andβ p existing in the conformational transition, corresponding to the observed three 
Steady state and stability
We shall discuss the steady state of the transporter and its stability. For the four-state model of GLUT1, by setting the left-handed-site of Eq (4) It means the glucose transport in GlcP is also globally stable.
For the bacterial symporter XylE, from the three-state model Eq (8) one has dudvdx sru dtdtdt
It also leads to the steady state Eq (11) 3 Dynamical aspects of sugar transport
Rate calculated from quantum theory
The rate constants ' , ii kk are key parameters in the theory, we shall use quantum transition theory to deduce them. For transporter GLUT1 all rates KkWABKkvWBCKkWCDKkWDA ==→==→==→==→ and their reverses
are in the dimension of (1/time) and can be calculated from Eq (1). The glucose molecules are hydrogen-bonded to several residues（for example, Gln， Asn，Trp）of the transporter GLUT1. Set the binding energy of one sugar molecule being E b . The N-and C-domain of GLUT1 are connected by an intracellular helical bundle (ICH) which comprises four short helices. The ICH domain serves as a latch that tightens the intracellular gate. The conformational change between inward-open (or outward-open) and occluded is related to the rigid-body rotation of the N and C domains which may be achieved through the bond-length and bong-angle variation of ICH residues [4] . On the other hand, the transmembrane segments TM1 and TM7 contacts each other and constitutes an extracellular gate. The observed conformational change is related to the contact variation of a few residues of the transmembrane segments [4] . It is reasonable to assume there exist two or more minima in the bond-length and bong-angle potential and the conformation change occurs through the quantum transition among them, jumping from one minimum to another. Set the conformational energy of the outward open（or inward open）relative to the occluded denoted by E p (neglecting the difference between the outward open and inward open).
Thus, we have an approximate estimate of the free energy difference which can be deduced directly from Eq (1). Here the initial torsion parameter ω near to the final ' ω has been assumed [8] .
Since both glucose binding energy E b (typically several ev) and conformational energy E p (typically 0.13ev for one stretching-bending degree of freedom) are much larger than B kT(0.026ev at room temperature) we have ''' 221133 KKKKKK <<>>>>
The rate K 4 is smaller than ' 4 K if E p < E b or larger than ' 4 K if E p > E b . The latter case occurs as the conformation energy comes from the contribution of the sum of many vibration modes. Eq (29) means for GLUT1 the reverse transition from the conformation C to B can be neglected as compared with that from B to C , while the reverse transitions from A to B and from C to D are important in the glucose transport cycle across membrane.
For glucose transporter GlcP, the free energy difference a by a factor no larger than 10 2 ，we obtain It is interesting to note that there exist some relations on the mean transport time between GLUT1 GlcP and XylE in the present theory. For example, from Eqs (36) (38) and (27) we have an approximate expression 
Temperature dependence of transport time
The rate of conformational transition for biological macromolecule is temperature dependent. The relation has non-Arrhenius peculiarity on the plot of logarithm rate versus 1/ T and that was proved in protein folding [5] ) obeying the same temperature-dependence law. The non-Arrhenius behavior of the temperature dependence is a feature specific to the quantum conformation change. Through the direct measurement of the temperature dependence of the rate constant or the temperature relation of the mean transport time in a cycle we are able to give deeper insight into the mechanism for the glucose transmembrane transport.
Perspectives The binding of a ligand to a membrane receptor results in a conformational change, which then causes a specific programmed response. The present model and theory on sugar transport across membrane can be generalized to other membrane receptors and membrane transport problems. For example, the binding of acetylcholine to an acetylcholine receptor opens a cation channel, the ligand binding at the extracellular side of a G-protein-coupled receptor leads to conformational changes in the cytoplasmic side of the receptor and activate a specific intracellular signalling pathway. A large portion of medications achieve their effect through G-protein-coupled receptors. All these problems are expected to be studied in the framework of the present theory.
